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[57] ABSTRACT 

An automatic defect inspection apparatus for a color 
filter includes a light source for radiating light onto a 
color filter having a spatially periodical repetitive struc- 
ture of red, green, and blue, a detector for detecting 
light from the color filter, and a processor for executing 
arithmetic processing of the output signal from the 
detector. In the apparatus, the detector is arranged to 
detect the light radiated form the light source and trans- 
mitted through the color filter, and a diaphragm for 
limiting the area of the transmitted light incident on the 
detector in association with an integer multiple of the 
spatially periodical repetitive structure of red, green, 
and blue is arranged. 

17 Claims, 15 Drawing Sheets 
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line partitions red, green, and blur color portions, and 

AUTOMATIC DEFECT INSPECTION APPARATUS the like. 
FOR COLOR FILTER 

SUMMARY OF THE INVENTION 

BACKGROUND OF THE INVENTION 5 The present invention has been made in consideration 1 

1 Field of the Invention of ^ above situation » ^ d has 35 its ob i cct to Provide a 

The present invention relates to an automatic defect P™*£ ^ff^ ff^ potion apparatus which 

J _ r i cij. j can automate defect detection to preclude conventional 

inspection apparatus for a color^r and, more particu- M ^ tion b m fr^^^^ can eliminate 

larly, to an automatic defect inspection apparatus ; for a 1Q ±e abovc ^ e ntioned to 4acks of the conventionally 

color filter, which is suitably used in automatic defect ^ automatic dcfect inspectioil apparatuses, and 

detection/inspection of a color filter which is, in turn, which ^ detect ^ defects mcludmg a shadowy po r - 

used m, e.g., a liquid crystal display device and has a ^ ^evenness, and the like of a color filter with low 
spatially periodical repetitive structure of red, green, 

and blue. 15 ^ automatic defect inspection apparatus for a color 

2. Related Background Art fy ter according to the present invention comprises a 

In conventional defect inspection of color filters used light source for radiating light onto a color filter having 

in, e.g., a liquid crystal display , device, an inspection a spatially periodical repetitive structure of red, green, 

person normally visually inspects all the filters. Since and blue, detection means for detecting light from the 

this defect inspection method depends on sensory or- 20 color filter, and processing means for executing arith- 

gans of man, the defect inspection result varies depend* metic processing of an output signal from the detection 

ing on the physical conditions and individual differ- means. In particular, in the apparatus, the detection 

ences of the inspection persons, and it is difficult to means is arranged to detect the light radiated from the 

attain stable defect inspection. light source and transmitted through the color filter, 

Also, various methods of automatically detecting 25 and detection area designation means for limiting the 

defects using machines independently of the sensory area of transmitted light to be incident on the detection 

organs of man have been proposed. However, these means to an integer multiple of the spatially periodic 

methods are still in the process of experimentation, and repetitive structure of red, green, and blue of the color 

are not put into practical applications. filter is arranged. 

Of automatic defect inspection apparatuses which 30 The automatic defect inspection apparatus for a color 

have been proposed, an automatic defect inspection fflter according to the present invention preferably 

apparatus which uses a video camera comprising a line comprises a plurality of detection means and a plurality 

sensor such as a CCD as detection means for detecting of detection area designation means, and the processing 

light from a color filter is known. In this defect inspec- mcans includes an arithmetic circuit for calculating a 

tion apparatus, since too small an area corresponding to 35 difTerence between detection signals from the detection 

one pixel of the line sensor is used as one measurement means. 

unit, a large volume of measurement data must be sub- . AJsq, the length of the area of transmitted light to be 

jected to arithmetic processing, and a special-purpose mcidcnt on , *f detection means may be limited to an 

arithmetic device capable of performing high-speed A mte * cr multiple of a period m the spatially periodical 

arithmetic processing is required, resulting in a very 40 repetitive direction of red, green, and blue of the color 

expensive apparatus. fdter ' 311(1 to 311 smaller than one 

Furthermore, since all the conventionally proposed g el * * transverse to the periodical repeti- 

automatic defect inspection apparatuses for color filters v 5 c on ' . A , 4 . , . 

have a structure for detecting patters of defects, they M *»*fm » aut <«»™ inspection ap- 

have insufficient detection performance for defects with 45 ^J? 1 fflter T°?**8 t° the present rnven- 

„„i j _ , _ tion, the detection area designation means preferably 

h r ?"? 85 T amCSS * a tf 0Wy P 0 *? 11 ' elongates the area of transmitted light to be incident on 

and die like which are not so serious but are present in ^ me£ms . ^ riod ^ titive direc . 

a wide area or ranee 

» j , . .1 . j r* * r , . , « non so as to limit the area to an area equal to an area of 

Note that the types of defects of a color filter include 50 one . el of ^ cok)r fflter 

a projection, white hole white shadowy portion, color More preferably, the area of the detection area desig- 
mixing, unevenness, and the hke. The projection is a nation means fa pre fcrably slightly inclined with respect 
portion of a color filter which projects on the color t0 ^ periodical repetitive direction when it is elon- 
filter, and the white hole is a defect which appears gatcd k the periodical repetitive direction, 
white m a narrow area as if a hole were formed in the 55 automatic defect inspection apparatus for a color 
color filter. Also, the white shadowy portion is a defect ffltcr according to the present invention utilizes the 
which appears to be shadowy white in a relatively wide regular structure of the color filter and a change in light 
area as if the colors of the color filter were lightened, transmittance at a defect position. More specifically, at 
and the color mixing indicates a portion where red, the defect position of the color filter, phenomena such 
green, and blue color filters are locally mixed. Further- 60 as a change in transmittance of light, generation of scat- 
more, the unevenness indicates a portion which appears tered light, and the like occur, and the present invention 
to be so-called "unevenness" when the color filter is detects a defect by detecting the change in transmit- 
observed, and is a defect which has a lower contrast and tance in these phenomena. 

a wider area than those of the "hole". Note that other Since the apparatus of the present invention detects 

defects of the color filter include a "black hole" which 65 not the pattern of a defect of the color filter but the 

is a defect observed black due to foreign matter mixed change in transmittance, the measurement unit in a 

in the filter, an "unusual black line" which indicates a single inspection can be set to be sufficiently large, and 

portion of a black line suffering from blur, which black the number of data can be decreased, thus avoiding 
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huge arithmetic processing. Furthermore, the apparatus FIG. 15 is a view showing an example of the method 

of the present invention can detect a defect with an of designating the detection area of a mesh type color 

unclear edge such as a shadowy portion. Since the color filter using the selector diaphragm shown in FIG. 14; 

filter has a structure in which pixels each including a set FIGS. 16A to 16C are waveform charts showing the 

of filters corresponding to red, green, and blue are regu- S output waveforms from the light receiving element and 

larly aligned, and the detection area is set to be an inte- the controller obtained when the detection area is desig- 

ger multiple of the periodical repetitive structure of red, nated, as shown in FIG. 15, and detection areas A and 

green, and blue in correspondence with this structure, a B are slightly shifted from each other; 

constant light amount intensity can be obtained (when FIG. 17 is a view showing another example of the 
the filter does not suffer from any defects) regardless of 10 pattern of the selector diaphragm; 

the detection position of the filter, and defect detection 18 is a view showing an example of the method 

can be attained with reference to this value. °f designating the detection area of a mesh type color 

Light amount measurement is performed at a plural- ^ T using the selector diaphragm shown in FIG. 17; 

ity of positions, and a difference between these mea- FIGS. 19 A to 19C are views showing that the 

sured values is calculated, thereby extracting a change 15 f 210 ^ of Ught passing through the selector diaphragm 

in only a deformed portion corresponding to a defect. fa to **** for one P^el of the mesh type color filter 

Thus, the presence and level of a defect can be clarified. when ^ detection area is designated, as shown in FIG. 

Since the detection area is limited to an integer multi- 0 

pie of the periodical repetitive structure of red, green, FIGS - 20A t0 20C m waveform charts showing the 

and blue of the color filter, and is limited to an area 20 out P ut wave fonns from a light receiving element and a 

smaller than one pixel in the direction transverse to the controller in the embodiment shown in FIG. 1 obtained 

periodical repetitive direction, a defect smaller than one ? 0 hen * e detecdon designated, as shown in FIG. 

pixel can be detected, and a variation in photometry 18, and detection areas A and B are slightly shifted from 

value other than a defect can be reduced to decrease „ e *^Z*J'- . , , „ , 

noise, thereby eliniinating any error. 25 ™ G - 21 15 ^ view showing still another example of the 

Furthermore, since the detection area is elongated in sel ^ W^J"" 1 . 

the periodical repetitive direction to have an area equal - 22A /° 22C J* e w ^f fo ™ char ^ or «W- 

to oVe pixel of the color filter, the Hght amount mea- ^^£2 ""^.^ 

g y r ' areas A and B are slightly shifted from each other. 



BRIEF DESCRIPTION OF THE DRAWINGS 



DETAILED DESCRIPTION OF THE 



FIG. 1 is a view showing the optical arrangement PREFERRED EMBODIMENTS 

according to the first embodiment of the present inven- 35 The preferred embodiments of the present invention 

. . * a .» , , , . f will be described hereinafter with reference to the ac- 

FIG. 2 is a block diagram showing the electrical companying drawings, 

structure sof the first embodmient; An apparatus according to the first embodiment of 

FIG . 3 is a view showing the detection area m the the present invention will be described below with 

first embodiment; 40 reference to FIGS. 1 and 2. 

FIG. 4 is a view showing the arrangement of a mesh A Ught source i is an illumination light source such as 

type color filter; # „ f . a halogen lamp, a tungsten lamp, or the like. A field stop 

FIG. 5 is a view showing the arrangement of a line 2 is arranged in front of the light source L An aperture 

type color filter; stop 3 is arranged m front of me fieW ^ 2 , and an 

FIG. 6 is a view showing an example of a defect 45 murnination lens 4 is arranged in front of the aperture 

display on a monitor of the first embodiment; stop 3 The murnination lens 4 condenses Ught emitted 

FIG. 7 is a graph showing an example of the relation- f rom the light source 1 via the field stop 2 and the aper- 

ship between the defect size of a color filter and the ture stop 3, and illuminates a portion of a color filter 5 

change in measurement value; with fa e condensed light The field stop 2 is arranged at 

FIG. 8 is a view showing the detection area accord- 50 a position conjugate with the color filter 5 with respect 

mg to the second embodiment of the present invention; to the murnination lens 4, and the mummation area of 

FIG. 9 is a view showing the detection area accord- the color filter 5 muminated with the light emitted from 

ing to the third embodiment of the present invention; the Ught source 1 is deterrnined on the basis of the aper- 

FIG. 10 is a view showing the optical arrangement of ture pattern of the field stop 2. The aperture stop 3 - 

the third embodiment; 55 adjusts the iUuinination Ught amount on the basis of the 

FIG. 11 is a block diagram showing the electrical sire of its aperture. The Ught source 1, the field stop 2, 

arrangement of the third embodiment; the aperture stop 3, and the illumination lens 4 consti- 

FIGS. 12A to 12C axe waveform charts showing the tute an murnination optical system. The color filter 5 as 

output waveforms from a light receiving element and a an object to be inspected is miiminated by this iUumina- 

controUer obtained when the detection area is desig- 60 tion optical system. 

nated, as shown in FIG. 9; The color filter 5 is arranged on a stage 18. A through 

FIGS. 13A to 13C are waveform charts showing the hole is formed in the stage 18 so that the color filter 5 

output waveforms from the Ught receiving element and can be illuminated with transmitted Ught Also, the 

the controller obtained when the detection area is desig- stage 18 is movable in a plane (X and Y directions) 

nated, as shown in FIG. 9, and detection areas A and B 65 transverse to the optical axis. Furthermore, the stage 18 

are slightly shifted from each other, is driven by an electric motor attached thereto. 

FIG. 14 is a view showing an example of the pattern A detection means is arranged to oppose the illumina- 

of a selector diaphragm; tion optical system in association with the color filter 5, 
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and detects some light components transmitted through to a personal computer 15. The personal computer 15 

the color Miter 5. The detection means comprises an calculates the difference between the input digital signal 

objective lens 6, a selector diaphragm 7, and a light value, i.e. f the measurement value indicating the amount 

receiving element 8. The objective lens 6 forms an opti- of light detected by the light receiving element 8, and a 

cal image of the color filter 5 illuminated by the illumi- 5 pre-stored reference value. If the calculated difference 

nation optical system on the selector diaphragm 7. The falls within an allowable range, the personal computer 

objective lens 6 adopts a lens with a relatively small is determines that a portion, within the detection area 

magnification such as xl.5 f x2.5, x5, or the like in corre- a, on the color filter 5 is good and free of defects; if the 

spondence with each specific application purpose. The calculated difference falls outside the allowable range, 

objective lens is switched by a revolver (not shown) 10 the personal computer 15 determines that the portion is 

which is well known in the field of microscopes. The defective. When the personal computer 15 determines 

selector diaphragm 7 is attached to a rectangular plate that the detected portion is defective, it performs classi- 

member lb which is formed to be movable in the direc- f lca tion of defect levels. Note that defect discrimination 

tion of an arrow hi FIG. 1, and the attaching position of win be described in detail later in the description of 

the selector diaphragm 7 is determined, so that the aper- 15 ^ of ^ detection m (to ^ described later), 

ture of the selector diaphragm 7 coincides with one of ^ ^ 15 ^ 0 scanning 

through holes formed m the plate member 7& The size CQntrol of the gta lg ^ ^ ^ f 15 Q ^ 

of each through hole of the plate member lb is ; set to be a COQtrol si ^ for ^ lg ^ CQn . 

sufficiently larger than that of the aperture of the selec- tfol si ^ fa . to ft ^oKv 20 via an interface 19, 

tor diaphragm 7. Another selector c^phragm la having 20 ^ ^ controUer 20 ou ^ uts a ^ ^ for driv . 

a different aperture pattern is arched to anoAer . ^ mot0f ^ ^ ^ lg . 

through hole of the plate member lb. The selector dia- _ j - v JVJ * ^ - , 

, _ - . * . • ,i Al _ moved m the X and Y directions in accordance with the 

pnragm 7 is arranged at a position conjugate with the , . . 1A , c , . ^ 

t ci* e * f *v u- i i * j dnving signal. An encoder 21 for detecting the moving 

color filter 5 with respect to the objective lens 6, and * * „ 0 . ^ , . A - * « 0 ~_ e 

limits light transmitted through the objective lens 6 by 25 18 ^ttached to the stage 1& The 

partiaUy^melding an optical image of the color filter 5 m £°^ 21 out P uts ^ do ™ *! e numbe / ° f 

formed by the objective lens 6. The light receiving ^ » proportional to the moving distance of the 

element 8 receives light, passing through the selector sta f 18 to a f 11 " 0 ^ 22 J ^ » outputsthe 

diaphragm 7, of light components transmitted through P*** from , ^ "f^f* 21 to the P*™™ 1 computer 15 

the color filter 5, and outputs an output signal with a 30 via ^ mterfa f e ^ P?' 501 * 1 ^mputer 15 outputs a 

voltage value corresponding to the amount of the re- control si^ for controlhng the movement of the stage 

ceived light. Therefore, only light components from the 18 on basUi of ^^nal from the encoder 21. 

optical image of the color filter 5 formed in the aperture ^ emulation result of the personal computer 15 is 

of the selector diaphragm 7 are detected by the light displayed m real time on a monitor 16 together with the 

receiving element 8. In this manner, the selector dia- 35 P° sition of the stage 18 detected by the encoder 21, and 

phragm 7 determines the detection area on the color * stored exteraal memory 17. The monitor 16 

filter 5 to be detected by the light receiving element 8. displays the positions and levels of defects in combina- 

The light receiving element 8 comprises a photomulti- tion ' 88 shown m FIG - 6 Referring to FIG. 6, a frame 

plier, a photodiode, or the like. The above-mentioned 24 represents the edge of the color filter 5. An open 

detection means also comprises an observation finder 40 ^ c1q mark represents defect class 1 corresponding to 

and a finder for confirming the position of the selector lowest defect level, a full circle mark represents 

diaphragm 7 (neither finders are shown). defect class 2 corresponding to the middle defect level, 

The detection area of the color filter 5 detected by 311(1 311 °P en rhombus mark represents defect class 3 

the light receiving element 8 is determined based on the corresponding to the highest defect level. The crossing 

aperture pattern of the selector diaphragm 7 and the 45 P° mt of cross lines in the vertical and horizontal direc- 

magnification of the objective lens 6. More specifically, ^ons indicates the current position of the detection area 

as shown in FIG. 3, for example, when a detection area 011 toe color filter 5. 

A on the color filter 5 is assumed to be a square area The color filter will be described below with refer- 

with one side of 660 urn, and the magnification of the ence to FIGS. 4 and 5, and subsequently, the setting 

objective lens 6 is assumed to be x2, the aperture pattern 50 operation of the detection area will be described with 

of the selector diaphragm 7 is formed to be a square reference to FIGS. 3 and 4. 

with one side of 1,320 fim (=1.32 mm). The iUumina- The color filter 5 shown in FIG. 4 is called a mesh 

tion area on the color filter 5 by the illumination optical type color filter, and is formed by joining small filter 

system is set to be substantially equal to or larger than segments R, G, and B having substantially the same 

the detection area A on the color filter 5. 55 shape via vertical and horizontal black lines LI and L2. 

FIG. 2 is a block diagram showing the electrical The small filter segment R is a red small filter segment, 
system of the first embodiment, and shows the arrange- the small filter segment G is a green small filter seg- 
ment of processing means for executing arithmetic pro- ment, and the small filter segment B is a blue small filter 
cessing of an output signal from the detection means, segment These small filter segments R, G, and B are 
and the arrangement of driving means for moving the 60 repetitively arranged at the same pitch in the Y direc- 
color filter 5 as an object to be inspected, and detecting tion, and the small filter segments of the same color are 
its moving position in the embodiment shown in FIG. 1. repetitively arranged at the same pitch in the X direc - 

An output signal from the light receiving element 8 is tion, thereby forming the color filter 5 as a whole. One 

input to a controller 13. The controller 13 has an ampli- pixel of the color filter 5 has a size equal to that of one 

fier, and amplifies and outputs the output signal. The 65 pixel of a color liquid crystal display which uses the 

output signal from the controller 13 is input to an A/D color filter 5. In this embodiment, an area B shown in 

converter 14. The A/D converter 14 converts the input FIG. 4 corresponds to the size of one pixel. In the area 

signal into a digital signal, and outputs the digital signal of one pixel, the small filter segments are arranged at a 
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predetermined ratio independently of any one-pixel thereby performing defect discrimination of the color 

area positions on the color filter 5. filter. 

In this color filter 5, Miter segments having the same More specifically, in the apparatus of the first em- 
shape and size and the same color like small filter seg* bodiment, as shown in FIG. 3, the detection area A 
ments Rl and R2, Gl and G2, and Bl and B2 in FIG. 4 5 corresponding to the aperture pattern of the selector 
have the same transmittance. Therefore, for example, diaphragm 7 is set to be an area corresponding to four 
when the small filter segments Rl and R2 are illumi- pixels on the color filter 5. The detection area A in- 
nated with light beams having equal light amounts, they eludes four each of the small filter segments R, G, and 
transmit light beams having the same light amount. B. The apparatus of the first embodiment detects the 
Also, small filter segments of different colors like the 10 amount of light passing through the four-pixel area to 
small filter segments Rl and Gl, Rl and Bl, and Gl and be a substantially constant measurement value when no 
Bl have different transmittances. Therefore, for exam- defect is present on the color filter 5; it detects the 
pie, even when the small filter segments Rl and Gl are amount of light different from that obtained in a defect- . 
illuminated with light beams having equal light free state when a defect is present on the color filter 5. 
amounts, they transmit light beams having different IS The operation of the apparatus of the first embodi- 
light amounts. ment will be described below. Light emitted from the 

FIG. 5 shows a line type color filter 5a. The line type light source 1 illuminates a portion on the color filter 5 

color filter Sa is divided by black lines in the X direc- via the field stop 2, the aperture stop 3, and the Al umina - 

tion, and line filter segments of respective colors are tion lens 4. The illumination area on the color filter 5 is 

periodically arranged at the same pitch in the Y direc- 20 determined by the aperture pattern of the field stop 2 

tion. In the line type color filter 5a as well, since one and the magnification of the illumination lens, and is set 

pixel is determined by the size of one pixel of the color to be an area slightly wider than the detection area A. 

liquid crystal display, an area B shown in FIG. 5 corre- The light radiated onto the color filter 5 is transmitted 

sponds to the size of one pixel. In this one pixel area, the through the color filter 5, and reaches the objective lens 

line filters of the respective colors can be considered as 25 6. The objective lens 6 focuses the light transmitted 

divided small filter segments. In the case of the line type through the color filter 5, and forms an optical image of 

filter, the transmittances of the small filter segments the color filter 5 on the selector diaphragm 7. The selec- 

have the same relationship as that of the small filter tor diaphragm 7 allows only light components, which 

segments of the mesh type filter. form the optical image of the color filter 5 on the aper- 

The detection area will be described below. As 30 ture portion of the selector diaphragm 7, of the light 
shown in FIG. 4, for example, assume that an area Ba transmitted through the objective lens 6 to pass there- 
having a size equal to the size of one small filter segment through. At this time, the area of the optical image on 
is set to be a detection area. In this case, the amount of the color filter 5 formed on the aperture portion of the 
light passing through the area Ba when the area Ba is selector diaphragm 7 corresponds to an optical image of 
located on a small filter segment R3, as shown in FIG. 35 the detection area A on the color filter 5 shown in FIG. 
4, is different from the amount of light passing through 3. The light passing through the selector diaphragm 7 
the area Ba when the area Ba is located on a small filter reaches the light receiving element 8, and the light 
segment of another color, e.g., a segment Gl. More receiving element 8 outputs an electrical signal propor- 
specifically, the measurement value of the amount of tional to the amount of the received light. A voltage 
light passing through the area Ba changes depending on 40 signal from the light-receiving element 8 is converted 
a difference in color of the filter segment even when into a digital signal via the controller 13 and the A/D 
both the small filter segments R3 and Gl are normal. Of converter 14, and the digital signal is output to the 
course, when a small filter segment suffers from a de- personal computer 15. 

feet, the measurement value of the amount of light pass- When the color filter 5 is placed on the stage 18, the 
ing through the area Ba also changes from the measure- 45 personal computer 15 outputs a control signal for mov- 
ment value obtained when the segment does not suffer ing the stage 18, so that the detection area A is located 
from any defect. Therefore, the inspection apparatus at the detection start position on the color filter 5. The 
must determine whether the measurement value control signal is input to the controller 20 via the inter- 
changes due to a change in color or due to a defect, face 19. The controller 20 generates a driving signal for 
resulting in difficult defect discrimination. 50 driving the electric motor of the stage 18 on the basis of 
On the other hand, as shown in FIG. 4, assume that the control signal, and drives the motor. The encoder 21 
an area B equal to one pixel including one each of the attached to the stage 18 generates pulses according to 
small color segments Rl, Gl, and Bl of the respective the moving amount of the stage upon movement of the 
colors is set to be a detection area. The amount of light stage 18. The controller 22 generates a digital signal 
passing through the area B when the area B is located 55 indicating the moving amount of the stage 18 on the 
on the small filter segments Rl, Gl, and Bl is equal to basis of the pulses from the encoder 21, and outputs the 
the amount of light passing through the area B when the generated digital signal to the personal computer 15 via 
area B is moved in the X direction, and is located on the the interface 23. The personal computer 15 calculates 
small filter segments R2, G2, and B2. Therefore, when the center of the detection area A with respect to the 
the color filter 5 does not suffer from any defect, the 60 color filter 5, i.e., the position of the optical axis, on the 
amount of light passing through the area B is substan- basis of the digital signal from the controller 22. When 
tially constant independently of the position of the area the detection area A coincides with the detection start 
B, which includes the small filter segments of the re- position on the color filter 5, the personal computer 15 
spective colors at the predetermined ratio, on the color outputs a control signal for stopping the driving opera- 
filter 5. The apparatus of the present invention pays 65 tion of the stage 18 to the controller 20, thus temporar- 
artention to this regularity, and sets a predetermined ily stopping the stage 18. 

area including small filter segments of respective colors The personal computer 15 acquires, from the A/D 

at the predetermined ratio to be the detection area, converter 14, a digital signal indicating the measure- 
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ment value of the amount of light transmitted through color filter 5, as shown in FIG. 4, the detection area can 
the detection area A after the stage 18 is stopped at the be changed from a four-pixel area to a one-pixel area by 
detection start position, e.g., at the upper right corner exchanging the selector diaphragms 7 and la. In this 
position on the color filter 5. The personal computer 15 case, since the amount of light detected by the light 
calculates the difference between the acquired digital 5 receiving element 8 becomes a signal proportional to 
signal and a pre-stored reference value. When the calcu- the light amount corresponding to one pixel, the above- 
lated difference falls within an allowable range, the mentioned reference value stored in the computer 15 is 
personal computer 15 determines that the detected por- changed accordingly. In the apparatus of the first em- 
tion of the color filter 5 is good; when the difference bodiment, the reference value is changed on the basis of 
falls outside the allowable range, it determines that the 10 an input from a keyboard 15a when the selector dia- 
detected portion is defective. Thereafter, the personal phragms 7 and la are exchanged with each other. Note 
computer 15 outputs a control signal for controlling the that exchange between the selector diaphragms 7 and la 
stage 18, so that the detection area A is moved at a may be automatically detected, and the reference value 
constant speed over the entire area on the color filter 5. may be automatically set accordingly. 
Thus, the personal computer 15 controls the controller . 15 The apparatus of the first embodiment comprises an 
20 to continuously move the stage 18, continuously observation finder (not shown), and the memory 17 
acquires digital signals from the A/D converter 14 at stores the presence/absence, level, and generation posi- 
the same time, and continuously performs defect dis- tion of a defect Therefore, upon completion of the 
crimination using the acquired digital signals. At this above-mentioned defect inspection, the color filter 5 
time, the personal computer 5 calculates the current 20 may be moved to the defect position stored in the mem- 
position of the detection area A, which is moving on the ory 17, and a portion determined to be a defect can be 
color filter 5, on the basis of the digital signals from the visually observed using the observation finder. The 
controller 22, and displays the current position of the observation filter comprises, e.g., binocular lens barrels 
detection area A on the monitor 16 using a cross mask, with eyepiece lenses of a microscope, 
as shown in FIG. 6. 25 If necessary, a previously inspected color filter may 
When the personal computer 15 determines in the be placed on the stage 18, and data measured in the 
defect discrimination that the detected portion is defec- previous inspection may be read out from the memory 
tive, it discriminates the defect level. Then, the personal 17, so that the apparatus of this embodiment may dis- 
computer 15 stores defect level data and the position of play a defect map of the previously inspected color 
the detection area A in the memory 17, and displays a 30 filter, or may move the color filter to the defect position 
mark indicating the defect level at the position, corre- discrirninated in the previous inspection to observe the 
spending to the position of the detection area A, on the defect via a microscope. 

monitor 16, as shown in FIG. 6. The defect level is Note that the apparatus of the first embodiment per- 

classified into three classes in accordance with the dif- forms defect inspection of the mesh type color filter, as 

ference between the digital signal and the reference 35 shown in FIG. 3, but can similarly inspect the line type 

value. color filter. 

The types of defects to be detected will be described In addition to the mesh type color filter shown in 
below. Since the detection area corresponding to four FIG. 3, a mesh type color filter in which small filter 
pixels is set, the apparatus of the first embodiment simul- segments of the respective colors are periodically repet- 
taneously receives light in a relatively large area as 40 itively arranged in the Y direction, and small filter seg- 
compared to detection areas (C to K) in other embodi- ments of different colors are arranged in the X direction 
ments to be described later. For this reason, the appara- is also available. Also, the mesh type color filter in- 
tus of the first embodiment can detect a wide-area de- eludes a filter in which small filter segments of the re- 
fect which has a transmittance slightly different from spective colors have different sizes in units of colors, 
that of a normal filter segment, and is continuously 45 and a filter in which each small filter segment has a 
present over a wide range. When a color filter with a shape other than a rectangular shape shown in FIG. 3. 
defect is used in a color liquid crystal display, a man can However, in any type of filters, the size and shape of 
notice the defect upon watching the display. A man small filter segments of the same color are substantially 
cannot easily identify a filter segment with a transmit- constant in a single filter. Therefore, when the detection 
tance slightly different from that of a normal segment to 50 area is set to be an area corresponding to one pixel of the 
be a defect However, if a defect which has a small color filter or an integer multiple of one pixel (an inte- 
transmittance difference from that of a normal filter ger is 2 or more) like in this embodiment, the ratio of 
segment is continuously present in a wide area, a man small filter segments of the respective colors is substan- 
can identify the filter segments in this area as a defect tially constant independently of the sizes and shapes of 
Yet, since the wide-area defect has a small transmittance 55 small filter segments in the detection area. Note that the 
difference from a normal filter segment, it is difficult to present invention is not limited to an area correspond- 
detect the defect within a narrow detection area. The ing to one pixel of a color filter or an integer multiple of 
apparatus of the first embodiment detects a total for one pixel as long as the ratio of small filter segments of 
filter segments with small transmittance differences by the respective colors in the predetermined area is al- 
setting a relatively wide detection area, thereby detect- 60 ways constant 

ing the wide-area defect The apparatus of the first Apparatuses of embodiments to be described herein- 

embodiment can shorten the detection time of the entire after detect a narrow-area defect which has a transmit- 

color filter since a large detection area is set tance relatively largely different from that of a norma] 

A plurality of different selector diaphragms are pre- filter segment, and is present in a small area, 

pared like the stops 7 and la in FIG. 1. For example, 65 The apparatus of the second embodiment will be 

when the aperture size of the selector diaphragm la described below with reference to FIG. 8. The appara- 

shown in FIG. 1 is set in correspondence with the de- tus of the second embodiment comprises the same illum- 

tection area B on the color filter 5, i.e., one pixel of the ination optical system, detection means, and control 
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circuit as those in the apparatus of the first embodiment, the amount of received light in an apparatus comprising 
except for the aperture pattern of the selector dia- the elongated detection area like in the second embodi- 
phragm, i.e., the detection area. The same reference ment In FIG. 7, a solid curve represents the relation- 
numerals in the second embodiment denote the same ship obtained when a width w, in the X direction, of the 
parts as in the first embodiment, and a detailed descrip- 5 selector diaphragm is wO, and a broken curve represents 
tion thereof will be omitted. the relationship obtained when w>w0. When the 

The apparatus of the second embodiment has a strip- length, in the X direction, of the detection area is set to 
like detection area C elongated in the Y direction, as be wO, the measurement value AP of the amount of 
shown in FIG. 8. More specifically, the detection area received light changes at a timing when the size x of a 
C is 20 /im wide in the X direction as large as the size of 10 defect is wO. Therefore, the length w, in the X direction, 
a defect to be detected, and is 990 pun long in the Y of the detection area is preferably set to be equal to the 
direction in correspondence with the length of three length wO, in the X direction, of a defect to be detected, 
pixels of a color filter. Therefore, the ratio of small filter In this manner, since the apparatus of the second 
segments of the respective colors in the detection area C embodiment has the detection area c with a small length 
is constant IS in the X direction, it can detect both a defect as small as 

The operation of the apparatus of the second embodi- the detection area length in the X direction and a defect 
ment will be described below. The illumination optical larger than the small defect, and can detect a defect 
system illuminates a color filter 5a Of light components with high positional resolution especially in the X direc- 
transmitted through the color filter 5a, light passing tion. In the apparatus of the second embodiment, since 
through the selector aperture 7 is detected by the light 20 the detection area C is elongated in the Y direction, the 
receiving element 8, and the controller 13 and the A/D number of times of scanning in the X direction can be 
converter 14 generate a digital signal corresponding to decreased, and the time required for detecting defects 
the amount of received light and output the digital on the entire color filter can be shortened, 
signal to the personal computer IS. The personal com- In the apparatus of the second embodiment, the 
puter 15 compares the digital signal with a reference 25 length, in the Y direction, of the detection area is prefer- 
value, thereby performing defect discrimination of the ably set to be an integer multiple of one pixel so as to 
color filter. The above-mentioned operation is repeti- obtain a constant amount of light when a color filter 
tively performed over the entire color filter 5a by mov- does not suffer from any defect 
ing the stage 18. The apparatus of the third embodiment will be de- 

The defect discrimination of the second embodiment 30 scribed below with mainly reference to FIGS. 9 to 12C. 
will be described below. The defect discrimination of The apparatus of the third embodiment comprises a 
the second embodiment is basically the same as that in plurality of detection areas D and E, as shown in FIG. 
the apparatus of the first embodiment. By moving the 9. 

stage 18, the detection area C is moved from the posi- As shown in FIG. 10, the apparatus of the third em- 
tion, illustrated in FIG. 8, on the color filter 5a in the X 35 bodiment has an Rumination optical system comprising 
direction. At this time, when the detection area C is a light source 31, a field stop 32, an aperture stop 33, and 
located on a position C including a defect 5b, the an illumination lens 34. The illumination optical system 
amount of received light detected by the light receiving is the same as that in the first embodiment although its 
element 8 changes by the defect 5b. For example, when components are denoted by different reference numer- 
the defect 5b is a hole formed, in a filter segment, the 40 als. A color filter 35 as an object to be inspected is 
transmittance of the portion of the defect 5b increases, placed on a stage 48 which is movable in the X and Y 
and the amount of received light also increases. The directions, and the illumination optical system illumi- 
personal computer 15 compares the measurement value nates a predetermined area on the color filter 35. Note 
of the light amount in the detection area C at the posi- that the predetermined area, i.e., an iUumination area is 
tion C including the defect 5b with a reference value. 45 determined by the field stop 32, and covers detection 
When the measurement value falls outside an allowable areas D and E on the color filter 35. 
range, the personal computer 15 determines a defect. A detection mpang will be described below. The de- 
Upon determination of the defect, the persona] com- tection means is also basically the same as that in the 
puter 15 further performs classification. At this time, apparatus of the first embodiment The detection means 
although the transmittance of a normal portion is 50 of the third embodiment is arranged to oppose the il- 
largely different form that of the defect 5b, since the lumination optical system with respect to the color filter 
ratio of the defect 5b in the detection area C is small, it 35, and detects some light components transmitted 
is determined that the defect 5b belongs to class 1, and through the color filter 35. The detection means com- 
the determined class is stored in the memory 7 together prises an objective lens 36, selector diaphragms 37 and 
with position data of the stage upon alscrimination. At 55 41, light receiving elements 38 and 42, a half mirror 39, 
the same time, the detected defect is displayed on the and a total reflection mirror 40. The objective lens 36 
monitor 16 in the form of an open circle mark. forms an optical image of the color filter 35 illuminated 

The apparatus of the second embodiment can dis- by the iUumination optical system on the selector dis- 
criminate and detect the shape of a defect For example, phragms 37 and 41. The objective lens 36 is exchange- 
when a defect 5c elongated in the X direction is de- 60 able in the same manner as the objective lens 6 of the 
tected, the defect discrimination results of class 1 like first embodiment, and an objective lens with a relatively 
the defect 5b are continuously detected in the X direc- small magnification is used. 

tion. When a defect 5d elongated in the Y direction is The half mirror 39 is arranged between the objective 
detected, since the ratio of the defect 5d in the detection lens 36 and the selector diaphragm 37, and splits light 
area C increases, a defect discrimination result of class 2 65 transmitted through the objective lens 36 into light on 
is obtained. the side of an optical axis 31a and light on the side of an 

FIG. 7 shows the relationship between a size x, in the optical axis 31A. The light on the side of the optical axis 
X direction, of a defect and a measurement value AP of 31c is light transmitted through the half mirror 39. The 
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transmitted light reaches the selector diaphragm 37 
arranged on the optical axis 31a and forms an optical 
image of the color filter 35 on the selector diaphragm 
37. The selector diaphragm 37 has an aperture elon- 
gated in the Y direction and corresponding to the detec- 5 
tion area D shown in FIG. 9, and allows light compo- 
nents from the optical image formed in the aperture of 
the selector diaphragm 37 to pass therethrough. The 
selector diaphragm 37 is attached to a rectangular plate 
member Zlb which is formed to be movable in the direc- 10 
tion of an arrow in FIG. 10, as in the apparatus of the 
first embodiment. The attaching position of the selector 
diaphragm 37 is determined, so that the aperture of the 
selector diaphragm 37 coincides with one of through 
holes of the plate member 27b. Another selector dia- IS 
phragm 37a having a different aperture pattern is at- 
tached to another through hole of the plate member 
37b. The light receiving element 38 is arranged behind 
the selector diaphragm 37. The light receiving element 
38 detects light components from the optical image 20 
formed in the aperture of the selector diaphragm 37, 
and outputs an electrical signal corresponding to the 
amount of received light 

On the other hand, the light on the side of the optical 
axis 316 is light reflected by the half mirror 39, and is 25 
reflected by the total reflection mirror 40 in a direction 
parallel to the optical axis 31a. The light reflected by 
the total reflection mirror 40 reaches the selector dia- 
phragm 41. The selector diaphragm 41 has an aperture 
corresponding to the detection area E shown in FIG. 9. 30 
More specifically, the shape and size of the aperture of 
the selector diaphragm 41 are the same as those of the 
selector diaphragm 37, and the selector diaphragms 37 
and 41 are arranged, so that the detection areas D and E 
do not overlap each other on the color filter 35. The 35 
selector diaphragm 41 is attached to one of through 
holes of a rectangular plate member 41b in the same 
manner as the selector diaphragm 37, and is movable in 
the direction of an arrow in FIG. 10. Note that another 
selector diaphragm 41a is fixed to another through hole. 40 
The selector diaphragm 41 allows light components, 
from the optical image formed in the aperture of the 
selector diaphragm 41, of light transmitted through the 
objective lens 36 to pass therethrough. The light passing 
through the selector diaphragm 41 is detected by the 45 
light receiving element 42, and the light receiving ele- 
ment 42 outputs an electrical signal corresponding to 
the amount of received light. 

FIG* 11 is a block diagram showing the electrical 
system of the third embodiment Electrical signals from 50 
the two light receiving elements 38 and 42 are con- 
verted into digital signals via a controller 43 and an 
A/D converter 44, and the digital signals are output to 
a personal computer 45. The personal computer 45 
calculates the differences between the two digital sig- 55 
nals and a pre-stored reference value. Defect discrimi- 
nation is attained by discriminating, based on the com- 
parison results, whether or not the measurement values 
of the light amounts fall within an allowable range. 
Upon detection of a defect, the detected defect is classi- 60 
fled into three classes. 

The personal computer 45 also controls an electric 
motor of the stage 49 via an interface 49 and a controller 
50. The personal computer 45 moves the stage 48, so 
that the color filter 35 moves relative to the detection 65 
areas D and E. An encoder 51 is attached to the stage 
48, and a pulse signal form the encoder 51 is input to the 
personal computer 45 via a controller 52 and an inter- 



face 53. The personal computer 45 calculates the posi- 
tions of the detection areas D and E with respect to the 
color filter 35 in accordance with the pulse signal, and 
displays the calculated positions on a monitor 46 using a 
cross mark shown in FIG. 6. When the personal com- 
puter 45 discriminates a defect in the defect discrimina- 
tion, it stores the defect level in a memory 47 together 
with the position of the stage 48 detected by the en- 
coder 51, and displays it on the monitor 46 at the same 
time, as shown in FIG. 6. 

In the apparatus of the third embodiment, defect 
discrimination corresponding to each of the detection 
areas D and E is performed in the same manner as the 
defect discrimination corresponding to the detection 
area C in the apparatus of the second embodiment The 
apparatus of the third embodiment can measure an area 
corresponding to a sum of the detection areas D and E 
by a single scanning operation in the X direction. There- 
fore, as compared to the apparatus of the second em- 
bodiment using a single detection area, the number of 
times of scanning of the stage 48 in the X direction can 
be halved, and the time required for detecting defects 
on the entire color filter can be shortened. 

An apparatus as a modification of the apparatus of the 
third embodiment will be described below. In the appa- 
ratus of this modification, a control sequence is im- 
proved. 

Detection signals in the apparatus of the third em- 
bodiment will be explained below. The mesh type color 
filter 35 has black lines LI and L2 which partition small 
filter segments R, G, and B of the respective colors, and 
respectively extend in the Y and X directions, as shown 
in FIG. 9. In the apparatus of the third embodiment, the 
detection areas D and E are set to be elongated in the Y 
direction. In the apparatus of the third embodiment 
with these detection areas D and E, a difference in 
amount of light passing through the detection areas D 
and E appears in correspondence with the periods of 
the black lines LI in the Y direction for partitioning 
color small filter segments R, G, and B. FIGS. 12A and 
12B show the amounts of light received by the light 
receiving elements 38 and 42. Referring to FIGS. 12A 
and 12B, a signal Ps represents a bottom state when the 
detection area D or E passes over a black line LI of the 
color filter 35. A difference in amount of received light 
caused by the black line LI cannot be ignored as com- 
pared to even a defect to be detected. More specifically, 
as shown in FIG. 12A, when the amount of light de- 
tected upon detection of a defect 35a is represented by 
PI, a difference in amount of light detected upon detec- 
tion of a defect is smaller than that detected upon pass- 
ing over a black line LI. The change in light amount 
caused by a black line is conspicuous in the apparatuses 
of the second and third embodiments in each of which 
the width, in the X direction, of the detection area is 
decreased to detect a small defect 

Thus, in the apparatus according to the modification 
of the third embodiment, control is made as follows. 
More specifically, since the detection areas D and E are 
arranged in the Y direction, the influence of the black 
lines LI similarly appears in the two detection areas. 
Therefore, a difference signal obtained by subtracting 
the output signal from one light receiving element 42 
from the output signal from the other light receiving 
element 38 is calculated, thereby eliminating the influ- 
ence of the black lines LI. 

The apparatus of this modification has substantially 
the same arrangement as that shown in FIGS. 9 and 10, 
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except that the controller 43 generates a difference value. Therefore, in the apparatus of the third embodi- 

signal indicating the difference between the output sig- ment, the detection areas D and E must be arranged so 

nals from the light receiving elements 38 and 42, and the as not to be shifted from each other in the X direction, 

personal computer 45 performs defect discrimination by However, it is troublesome to mechanically precisely 

utilizing this difference signal 5 align the detection areas D and E. 

FIG. 12A shows the output waveform of the light The direct cause of the above-mentioned erroneous 
receiving element 38 corresponding to the detection detection is generation of the noise component £ due to 
area D, and FIG. 12B shows the output waveform of a positional shift, in the X direction, between the detec- 
the light receiving element 42 corresponding to the tion areas D and E, and the erroneous detection is also 
detection area E. Assuming that the defect 35a is pres- 10 caused by the fact that the noise component 0 is 
ent at a point on the color filter 35 corresponding to the abruptly generated and assumes a large value. More 
detection area D, as shown in FIG. 9, a signal PI de- specifically, if the noise component 0 is a negligible 
formed according to the defect .35* is detected in the ^ ^ compared to the defect a even when it is gen- 
output signal waveform of the light receivmg element erated( no oblem h ^ ^ ^ apparatus of ^ 
S^f A P ° T Dding to detection area D as shown in 15 fourth embodiment, the noise component 0 is elimi- 
FIG. 12A. In contrast to this, no signal deformed by a nated 

defect is detected from the output signal waveform of Tte apparatus of the fourth embodiment has basically 

^ reCel ^ S t ^ 4 f r!!^ 1 ^ 5 t0 «»e same arrangement as the apparatus of the third em- 

detect™ area E m which the defect 3Sa is not present, * t for ^ shap Jof detection areas. Note 

as shown in FIG. 12B. Note that the same bottom si anal 20 . F ' ^ , . , , ~ c<u>- , 

Pi, is generated by a black line LI in the two HgK ^S^?™ ™rals in the fourth, embodi- 
ceiving element 38 and 42. me „ nt d f * e "f f 5 m * e ^ embodl f e ^ 

The controller 43 amplifies the output signal wave- ^ * detsu] f d f^P^ thereof wdl be omitted. An 
forms from the two light receiving elements 38 and 42, apertur * pat ?^ f r ° r £ ° f *f ^ lector ^phragm m the 
and generates a difference signal obtained by subtract- 25 °[ fourth embodiment is formed into a 

ing the signal from the light receiving element 42 from s ^ p ^edoflgjtod substantially in the Y direction, as 
the signal from the light receiving element 38. FIG. 12C m F 10 / ^'^J* a ™f ed Its kngitudi- 

shows the difference signal, which clearly represents du J?*°** * cbned at 5 <*= 5 > from ^ Y direc - 

only a deformed portion corresponding to the defect ** G * J£ detection areas F and G on the 

35a The difference signal output from the controller 43 30 00101 mter 35 defmed b V selector diaphragms of the 
is converted into a digital signal, and the digital signal is fouTth embodiment As shown in FIG. 15, the detection 
compared with a reference value by the personal com- F and G are aligned in the Y direction. Each of the 

puter 45. The personal computer 45 compares the dif- detection areas F and G has a width, in the X direction, 
ference signal and the reference value, and when the of 20 & formed into a strip shape elongated in 

computer 45 determines that the difference signal falls 35 J direction. The longitudinal direction of each de- 
outside an allowable range, it determines a defect. tection area is arranged to be slightly inclined from the 
Thereafter, the personal computer classifies the de- Y dir ection. In this case, the output signal waveforms 
tected defect. The discrimination result of the personal from receiving elements 38 and 42 correspond- 

computer 45 is stored in the memory 47, and is dis- m S to the detection areas F and G are respectively as 
played on the monitor 46 in real time, as described 40 shown in FIGS. 16A and 16B. Referring to FIGS. 16A 
above. 16B, a signal a represents a defect, and a signal y 

The apparatus of this modification can eliminate a 30(1 a bottom signal represent states wherein the 
change in light amount caused by the black lines by amounts of light received by the light receiving ele- 
using a difference signal. ments 38 and 42 are changed by a black line LI. More 

Note that the apparatus according to the modification 45 specifically, when the detection areas G and Y are ai- 
of the third embodiment can also inspect a line type ranged to be inclined from the Y direction, the ratio of 
color filter. a black line LI on the color filter 35, which line is lo- 

The fourth embodiment will be described below with cated within the detection area F or G, gradually in- 
reference to FIGS. 13A to 13C, FIGS. 14 and 15, and creases, or gradually decreases. Therefore, of the out- 
FIGS. 16A to 16C. 50 P^t signals from the light receiving elements 38 and 42, 

First, the apparatus of the third embodiment associ- a portion changed by a black line LI, in particular, the 
ated with the apparatus of the fourth embodiment will signal y, changes slowly. 

be additionally described. In the apparatus of the third FIG. 16C shows a difference signal indicating the 
embodiment, when the detection areas D and £ aligned difference between the output signals from the light 
in the Y direction are slightly shifted from each other in 55 receiving elements 38 and 42. More specifically, the 
the X direction, defect discrimination cannot be nor- clear noise component 0 shown in FIG. 13C does not 
mally performed. appear in the difference signal even when the detection 

When the detection areas D and E are arranged to be areas F and G are slightly shifted from each other in the 
shifted in the X direction in the apparatus of the third X direction. If the detection areas F and G are arranged 
embodiment, the output waveforms from the light re- 60 to be shifted from each other in the X direction on the 
cefving elements 38 and 42 are respectively as shown in color filter 35 so as to cause a change in signal level, a 
FIGS. 13A and 13B. When the controller 43 generates noise component with a low signal level appears like a 
a difference signal indicating the difference between signal 01 indicated by a dotted curve. However, in this 
these two signals, the difference signal has a noise com- case, the signal level of the signal 01 representing the 
ponent 0 in addition to a defect a, as shown in FIG. 65 noise component can be minimized as compared to the 
13C. The personal computer 45 recognizes the noise apparatus of the third embodiment Therefore, in the 
component 0 as a defect upon calculation of the differ- apparatus of the fourth embodiment, the noise compo- 
ence between the difference signal and the reference nent 0\ can be ignored even if it is generated. 
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In the fourth embodiment as well, the detection area 

length in the Y direction is set to be as large as 1,320 um When this relationship is satisfied, each of the detection 

(for four pixels) as in the second and third embodiments, areas H and I corresponds to an area for one pixel of the 

and the time required for detecting defects on the entire color filter 35. 

color filter can be shortened. 5 Note that the areas of the detection areas H and I may 

The apparatus of the fifth embodiment will be de- satisfy the following relationship so that each of the 

scribed below with reference to FIGS. 17 and 18, detection area has an area corresponding to an integer 

FIGS. 19A to 19C, and FIGS. 20A to 20C. The appara- multiple (n times) of one pixel: 
tus of the fifth embodiment is basically the same as the 

apparatus of the fourth embodiment, except that the 10 scxsy=nxgxx%y 
aperture pattern of the selector diaphragm is further 

unproved. Note that the same reference numerals in the Note that the detailed dimensions of the detection areas 
fifth embodiment denote the same parts as in the fourth H 1 are determined as follows based on the above- 
embodiment, and a detailed description thereof will be mentioned equation. For example, when a defect of 30 
omitted. 15 fun or more is to be detected on a color filter in which 
The apparatus of the fifth embodiment has the same onc P^el ^ defined by 330 uinX330 urn, ny=10, 
illumination optical system and detection means shown sx— 33 jun, and sy=3300 jim. 

in FIG. 10 and the same control means shown in FIG. WG. 18 shows the arrangement of the detection areas 

11 as those in the apparatus of the third embodiment, H and I of the apparatus of the fifth embodiment In the 

except for the aperture patterns of the selector dia- 20 apparatus of the fifth embodiment, the detection areas H 

phragms 37 and 41. Therefore, the illumination optical and I which are set, as described above, are aligned in 

system illuminates an area including detection areas H tne Y direction. 

and I shown in FIG. 18. The light receiving element 38 The detection areas H and I of the apparatus of the 

receives light in the detection area H, which light has fifth embodiment always include one pixel of the color 

passed through the selector diaphragm 37, and the light 25 ^ teT 35 independently of the position on the color filter 

receiving element 42 receives light in the detection area 35* More specifically, the detection areas H and I are 

I, which light has passed through the selector dia- moved relative to the color filter 35. At this time, for 

phragm 41. The controller 43 generates a difference example, assume that one detection area H is moved 

signal indicating the difference between the output sig- from a Position xl to a position x2, as shown in FIG. 

nals from the light receiving elements 38 and 42, and the 30 1x1 casc » the patterns of the color filter 35 

personal computer 45 compares the difference signal which 0311 observed from the positions xl and x2 of 

and a reference value to perform defect discrirnination. detection area H are as shown in FIG. 13B. When 

Thereafter, the personal computer 45 classifies the de- these patterns xl and x2 are cut and pasted, they can be 

tected defect into three classes. The personal computer modified, as shown in FIG. 19C. Each of the patterns xl 

45 displays the discrimination result on the monitor 46 35 311(1 *2 shown in FIG. 19C at the two positions of the 

together with the position data of the detection areas H detection area H corresponds to an area for one pixel as 

and I and the defect class, and stores them in the mem- m the P ttel ^ B shown m mG - 4 * 

ory 47 The waveforms of the output signals from the light 

The detection areas H and I will be described below. receiving elements 38 and 42 will be described below. 

As shown in FIG. 17, each of the detection areas Hand 40 FIGS * 20 A t0 200 show out P ut waveforms of sig- 

I of the apparatus of the fifth embodiment has a small 08,5 from the U ^ ht receiving elements 38 and 42 in the 

width Sx in the X direction, and is elongated in the Y apparatus of the fifth embodiment. The detection areas 

direction. The longitudinal direction of each detection H correspond to areas for one pixel of the 

area is inclined with respect to the Y direction, and the color mter 35 > and a °ae-pixel area includes small filter 

area of each of the detection areas H and I is set to be 45 ^ ents *• G ! 311(1 * ° f * e f«pcctive colors at a pre- 

equal to that of one pixel on the color filter. Tne detec- determined ratio and also includes a black line at a pre- 

tion areas H and I also include areas HI and II, respec- determined ratio Therefore, the output signal waye- 

tively. These areas HI and II correspond to portions form fr ° m hght rQC *™Z clcmcnt 38 corresponding 

m'andll'mdicatedbyadottedlineinFIG.l^andare <n to the detecton area H has a constant output level, as 

repositioned to fall within a range of areas gx and gy. 50 * h %™ m *>A, when the color filter 35 does not 

The setting operation of the detection areas H and I Suf T er from de f ect ^ ^ hen a » detected > 

will be described below. Assume that the length, in the a changc a ™ lcv ^ responding to the defect portion 

X direction, of one pixel is represented by gx, the m 0U ** X Abo, the output 

length, in the Y direction, of one pixel is represented by „ Slgnal wa ^ fo ™ recei ™g dement 42 

gy, the number ofp«ek,m the YLection, of the selec- 55 ? g ^ d ?*5S? "Si 1 *T * COnStant 

tor diaphragm is represented by ny (in the fifth embodi- "t c ^V* ^ 

lrag£i^Y Section ^^S^£^^t ffl f ™ *f «"* 

sx=gx+ny 0211 ^ detected, as shown in FIG. 20C. 

In this manner, the apparatus of the fifth embodiment 
sy=gyxny receives light passing through areas which always in- 

65 elude one pixel like the detection areas H and I, and 
then, the areas of the detection areas H and I satisfy: performs defect discrimination. 

When each of the detection areas H and I is set to be 
axsy=gxxgy equal to the area of one pixel of the color filter, light 
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passing through an area for one pixel including a black color filter, which apparatus has a plurality of detection 
line portion can be detected independently of the posi- areas, is used for detecting a small defect, each detection 
tions of the detection areas H and I on the color filter, area is preferably inclined with respect to the Y direc- 
as has already been described in the first embodiment tion, and the area of each detection area is set to be 
Therefore, in the apparatus of the fifth embodiment, the 5 equal to that of a unit pixel of the color filter or that 
amount of light passing through each of the detection corresponding to an integer multiple of the unit pixel 
areas H and I is always equal to the amount of light As described above, the present invention pays atten- 
passing through an area for one pixel, and a constant tion to the regularity, Le., the fact that the color filter is 
amount of light can always be detected Therefore, in constituted by repetitively arranging unit pixels. For the 
the apparatus of the fifth embodiment, even when the 10 sake of simplicity, in the drawings illustrating the above 
detection areas H and I are arranged to be shifted from embodiments, a small filter segment of each color has a 
each other in the X direction, light in a one-pixel area rectangular shape, and a small black line portion. How- 
can always be detected, and a noise component /3 can be ever, in an actual color filter, each color filter segment 
prevented from being generated unlike in the third and may have a shape with at least one round corner in 
fourth embodiments. For this reason, in the apparatus of 15 terms of an electrode for driving a liquid crystal of a 
the fifth embodiment, processing can be remarkably liquid crystal display although it basically has a rectan- 
simplified upon execution of a comparison calculation gular shape. In each of the above embodiments, the 
with the reference value in defect d^crirmnation. black lines LI and L2 are illustrated by thin lines. How- 

In addition, in the apparatus of the fifth embodiment, ever, as can be understood from the signal waveforms 

even when the ratio of the small Miter segments R, G, 20 shown in FIGS. 12A and 12B, the black lines are often 

and B of the respective colors in one pixel is not 1:1:1, relatively thick lines as compared to small filter seg- 

since light in a one-pixel area is always detected, as ments of the respective colors. The present invention 

shown in FIG. 19A, the light amount in a one-pixel area can also cope with a color filter having small color filter 

can be detected at any position on the color filter. segments with round corners and thick black lines. 

Therefore, the apparatus of the fifth embodiment does 25 In the description of the above embodiments, the 

not depend on the shapes of small filter segments of the apparatus of the first embodiment, and the apparatuses 

respective colors in one pixel. More specifically, even of other embodiment detect different types of defects, 

when a small filter segment of each color has a shape More specifically, a wide-area defect which has a low 

other than a rectangle, e.g., a substantially rectangular defect level but is generated over a wide area is detected 

shape with round corners, the amount, of light passing 30 by the apparatus of the first embodiment, and a defect 

through an area for one pixel is constant. Also, the area which is relatively small and has a high defect level is 

for one pixel includes a predetermined black line por- detected by the apparatuses of other embodiments, 

tion, and the influence of the black line can also be However, the above embodiments have basically the 

eliminated. same arrangement, except for the number of detection 

FIG. 21 shows a detection area J as a modification of 35 areas (one or a plurality of detection areas) and the 
the detection areas H and I in FIG. 17. The detection pattern of the selector diaphragm in each embodiment, 
area J is also formed to have an area equal to that of one i.e., the pattern and size of the detection area. There- 
pixel of the color filter 35. fore, if the apparatus of the present invention has the 

In this modification as well, two detection areas J and arrangement as in the apparatus of the third embodi- 
K are aligned in the Y direction, and the difference 40 ment shown in FIGS. 10 and 11, it can detect many 
between output signals from the light receiving ele- types of defects by only exchanging selector dia- 
ments 38 and 42 for detecting light passing through the phragms. In the apparatus of the third embodiment, a 
two detection areas J and K is detected, thereby detect- single detection area can be easily attained by prohibit- 
ing the presence/absence of a small defect. ing processing of an output signal from the light receiv- 

Signal waveforms of the above embodiments (third to 45 ing element 42. In the apparatus of the present inven- 

fifth embodiments) will be compared with reference to tion, a plurality of selector diaphragms having different 

FIGS. 22A to 22C. FIG. 22A shows the difference detection areas are prepared in correspondence with the 

signal of the apparatus of the third embodiment, FIG. size of one pixel of each color filter, and are exchanged 

22B shows the difference signal of the apparatus of the in correspondence with the type of color filter. In this 

fourth embodiment, and FIG. 22C shows the difference 50 manner, the present invention can be applied to color 

signal of the apparatus of the fifth embodiment. FIGS. filters with different pixel sizes. 

22A to 22C corresponding to these embodiments show As a modification of the apparatus of the third em- 

the output signal waveforms obtained when the posi- bodiment and the subsequent embodiments, the follow- 

tions between the detection areas D, F, and H and the ing arrangement may be adopted to perform the same 

detection areas E, G, and I are relatively slightly shifted 55 inspection as that in the apparatus having a plurality of 

from each other in the X direction. Note that the detec- detection areas. 

tion areas are shifted by the same shift amount in the X The apparatus of this modification has only one de- 
direction in FIGS. 22A to 22C. tection area. In this apparatus, a color filter is moved 

Upon comparison of these output waveforms, a noise relative to the detection area to scan the entire color 
component /33 of the apparatus of the third embodiment 60 filter, and measurement values of light amounts at re- 
shown in FIG. 22A is maximum, and a noise component spective positions on the color filter are stored. Upon 
T4 is also generated slightly in the apparatus of the completion of scanning of the entire color filter, the 
fourth embodiment. In the apparatus of the fifth em- personal computer 45 compares two arbitrary measure- 
bodiment, no noise component is detected. That is, the ment values of those in units of coordinate positions like 
apparatus of the fifth embodiment has the highest S/N 65 comparison between the measurement values of the 
ratio. detection areas D and £ in the third embodiment More 

As can be seen from the above comparison result, specifically, the measurement value of the light amount 

when an automatic defect inspection apparatus for a obtained when the detection area is located at the posi- 
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tion xl in FIG. 19 A is compared with the measurement 
value of the light amount obtained when the detection 
area is located at the position x2. From this comparison 
result, the presence/absence, level, and position of a 
defect arc calculated. In this modification, the measure- 5 
ment values at positions shifted in the X direction are 
compared with each other. Of course, the measurement 
values at positions shifted in the Y direction may be 
compared with each other. 

In the apparatus of this modification, the half mirror 10 
39, the total reflection mirror 40, the selector diaphragm 
41, the light receiving element 42, and a processing 
circuit for the light receiving element 42 in the control- 
ler 43 can be omitted as compared to the apparatuses of 
the third to fifth embodiments. In this case, since only 15 
one detection area is used, the inspection time is longer 
than those in the third to fifth embodiment, and real- 
time display is difficult to achieve. The personal com- 
puter is required to have a large memory area, and 
much calculation time for defect discrimination is re- 20 
quired. For these reasons, the load on the personal com- 
puter increases. 

In the apparatus of the present invention, when a 
plurality of detection areas are arranged, the plurality of 
detection areas may be arranged at positions shifted in 25 
the Y direction like in the third and subsequent embodi- 
ments, or may be arranged at positions shifted in the X 
direction. 

In the apparatus of the third embodiment shown in 
FIG. 10, the optical axis Zlb is reflected in a direction 30 
parallel to the optical axis 31a using the total reflection 
mirror 40. In the apparatus of this embodiment, how- 
ever, the total reflection mirror may be omitted. In this 
case, the selector diaphragm 41 and the light receiving 
element 42 are arranged on the extending line of the 35 
optical axis 316 transverse to the optical axis 31a. 

Each of the apparatuses of the third to fifth embodi- 
ments has a half mirror, and light components passing 
through different detection areas are incident on differ- 
ent light receiving elements using the half mirror. Alter- 40 
natively, two apertures may be formed on a single selec- 
tor diaphragm. In this case, in order to guide light com- 
ponents passing through the two apertures on the single 
selector diaphragm to become incident on different 
light receiving elements, one of the following methods 45 
is required. In the first method, the two apertures are 
formed in a plane transverse to the optical axis to be 
positionally separated from each other. In the second 
method, as indicated by a dotted line in FIG. 10, a re- 
flection element (e.g., a half mirror 39a) for splitting an 50 
optical path is arranged between the selector diaphragm 
37 and the light receiving element 38, and two light 
receiving elements 38 and 42a are arranged on optical 
paths split by the reflection element Then, the half 
mirror 39, the total reflection mirror 40, and the aper- 55 
ture stop 41 can be omitted. 

In each of the apparatuses of the above embodiments, 
the selector diaphragm is arranged between the color 
filter and the light receiving element. However, the 
present invention is not limited to this, and the selector 60 
diaphragm may be arranged between the light source 
and the color filter. In this case, the selector diaphragm 
also serves as a field stop, and is arranged at the position 
of the field stop 2 or 32 shown in FIG. 1 or 10. In this 
case, the selector diaphragm is used for setting a detec- 65 
tion area by illuminating only the detection area on the 
color filter. Therefore, another selector diaphragm at 
the position of the selector diaphragm 7 in FIG. 1 or at 
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the position of the selector diaphragms 37 and 41 in 
FIG. 10 may be omitted. In this case, since light on a 
relatively outer portion in the detection area may be 
refracted by the color filter in a direction falling outside 
the detection area, the measurement value changes de- 
pending on the thickness of the color filter itself. There- 
fore, this arrangement is suitable for a color filter hav- 
ing a small thickness in the optical axis direction. 

In the apparatus of the present invention, the selector 
diaphragms are exchanged using the plate member, but 
may exchanged by other methods as long as the aper- 
ture patterns of the selector diaphragms can be 
changed. For example, a stop which can deform the 
aperture pattern may be used. It is preferable that a 
position adjustment function for finely adjusting the 
position of the selector diaphragm in a plane transverse 
to the optical axis be arranged. 

The apparatus of the first embodiment may also com- 
prise a plurality of detection areas having the same 
shape, and detect the difference between signals from 
the plurality of detection areas, as has been described in 
the third and subsequent embodiments, thus allowing 
defect detection strong against noise. 

What is claimed is: 

1. An automatic defect inspection apparatus for a 
color filter having a structure in which red, green, and 
blue areas are continuously, periodically, and repeti- 
tively arranged along a predetermined direction, com- 
prising: 

light source means for radiating light toward said 
color filter; 

detection means for detecting light radiated from said 
light source means and transmitted through a pre- 
determined area of said color filter, said predeter- 
mined area being set, so that areas of the red, blue, 
and green areas of said color filter are substantially 
equal to each other; 

limiting means, arranged between said light source 
means and said detection means to determine said 
predetermined area of said color filter, for shield- 
ing some light components from said light source 
means; and 

processing means for performing arithmetic process- 
ing of an output signal from said detection means. 

2. An apparatus according to claim 1, further com- 
prising: 

relative movement means for moving said color filter 
relative to said predetermined area in a direction 
transverse to an optical axis, so that said predeter- 
mined area is moved on said color filter. 

3. An apparatus according to claim 2, further com- 
prising: 

a stage for holding said color filter to be movable in 
the direction transverse to the optical axis, and 

wherein said relative movement means comprises 
means for driving said stage so as to move said 
color filter relative to said predetermined area. 

4. An apparatus according to claim 1, wherein said 
light source means comprises a light source, and an 
illumination lens for radiating light emitted from said 
light source toward said color filter, and 

said limiting means comprises a diaphragm arranged 
at a position conjugate with said color filter with 
respect to said illumination lens, and said dia- 
phragm determines said predetermined area by 
limiting some light components from said light 
source. 
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5. An apparatus according to claim 1, further com- processing means for executing arithmetic processing 
prising: of output signals from said first and second detec- 

an objective lens for guiding the light transmitted tion means, said processing means calculating a 
through said color filter to said detection means, difference between signals from said first and sec- 
ond 5 ond detection means. 

wherein said limiting means comprises a diaphragm 10. An apparatus according to claim 9, further corn- 
arranged at a position conjugate with said color prising: 

filter with respect to said objective lens, and said moving means for moving said color filter relative to 

diaphragm determines said predetermined area by said first and second areas in a direction transverse 

limiting some light components from said light 1° *° optical axis, so that said first and second areas 

source. are moved on said color filter. 

6. An apparatus according to claim 1, wherein said An apparatus according to claim 10, further com- 
limiting means comprises a plurality of diaphragms prising: 

having different aperture patterns, and said plurality of 811 objective lens for guiding the light transmitted 
diaphragms are exchangeably arranged between said 15 through said color filter toward said first and sec- 
light source means and said detection means. ond detection means, and 

7. An apparatus according to claim 1, wherein said wherein said first and second limiting means respec- 

color filter is a color filter for a color liquid crystal tivcIv com P rise ^ and second diaphragms which 

display, and said predetermined area corresponds to an are ranged at positions conjugate with said color 

area on said color filter which area is substantially equal 20 ffltcr rcs P cct t0 ^ objective lens, and said 

to one pixel of said color liquid crystal display, or an *? d diaphragms respectively determine 

area which is substantially an integer multiple of the one 531(1 first ™ d sccond ^ bv ***** ^me light 

pj^gj components transmitted through said color filter. 

8. An apparatus according to claim 7, wherein a „ ^ ^ appamto according to claim 11, wherein 
length, in the predetermined direction, of said predeter- 25 T of md second ^V^gms are sen- 
mined area corresponds to an integer multiple of a re- f^^f ™ * 6lTeCtl0n timm to * e movm S 
petitive period of the red, green, and blue areas. direction of said moving means. 

a * ' / j f 7 ~T ~~ - 13. An apparatus according to claim 11, wherein 

9. An automatic defect inspection apparatus for a _ . _ E F . , - , ^ 6 jj* i 

t ^i* u . ^_ f , . apertures of said first and second diaphragms are 

color filter ha vine a structure in which red. green, and e . , . _ . . 6 , 

6 . j . ^ *\ ' ~f 30 formed to be elongated in a direction transverse to the 

blue areas are continuously, penodicaUy, and repeti- movin direction ^ moving means . 

tively arranged along a predetermined direction, com- 14 ^ apparatus £ claim x3 , wherein a 

prising: length, in a direction parallel to the predetermined di- 
nghy source means for bght toward said rection of said color fflte> of ^ ^ and ^ 

color niter; 35 ond corresponds to an integer multiple of a repeti- 

first detection means for detecting light radiated from tive period of ^ red> ^ blue ^ 

said hght source means and transmitted through a 15 . An apparatus according to claim 11, wherein a 

first area on said color filter; m ^ movmg direction of said moving means, of 

second detection means for detecting light radiated each of said first and second areas substantially corre- 

from said light source means and transmitted 40 sponds to a size of a defect to be detected, 

through a second area on said color filter, said first j£ An apparatus according to claim 11, wherein said 

and second areas having the same shape; color filter is a color filter for a color liquid crystal 

first limiting means, arranged between said light device, and 

source means and said first detection means to each of said first and second areas corresponds to an 

determine said first area of said color filter, for 45 area on said color filter which is substantially equal 

shielding some light components from said light to an area of one pixel of said color liquid crystal 

source means; display, or an area which is substantially an integer 

second limiting means, arranged between said light multiple of the one pixel, 

source means and said second detection means to 17. An apparatus according to claim 11, wherein said 

determine said second area of said color filter, for 50 first and second areas are inclined with respect to the 

shielding some light components from said light moving direction of said moving means, 

source means; and * * * * * 
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